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http://djournal homepage: www.elsevier.com/locate/developmentalbiologyIn MemoriamMalcolm S. Steinberg (1930–2012)Malcolm Steinberg, a pioneer in integrating biophysics into
developmental biology, died on February 7, 2012 at his home in
Princeton, NJ, of complications from lung cancer. He was 81. He is
best known for his hypotheses concerning the developmental
mechanisms by which cells interact to form speciﬁc patterns,
whole tissues, and organs. The Differential Adhesion Hypothesis
(DAH), proposed by Malcolm Steinberg in the early 1960s invoked
physical processes to explain biological phenomena. The hypoth-
esis proposes that embryonic tissues can be treated as liquids on
long timescales and therefore, interfacial tensions between the
tissues act as driving forces for cellular rearrangement. By combin-
ing concepts from biology and physics with the application of
quantitative analysis, he with his students and postdocs rigorously
tested the DAH for decades, revealing fundamental properties of
cellular behavior within tissues.The early years
Malcolm Steinberg was born in New Brunswick, New Jersey on
June 1, 1930, the son of Russian immigrants who came to the U.S.
to escape the pogroms of the Russian Civil War. He was a curious
child who spent lot of time exploring the local woodlands and
playing with his chemistry set. Mal attended Amherst College as
an undergraduate (class of 1952) with the intention of becoming
either a writer or a physician. He was on the fencing team,
enjoyed classical music, and joined the Lord Jeff Club. It was also
at Amherst that Mal met the Russian biologist Oscar Schotte´.
Schotte´, who had received his Ph.D. under the direction of Hans
Spemann, was an engaging and passionate researcher and teacher
who engendered in his students a love of science and discovery.
Mal’s undergraduate research experience studying limb regenera-
tion with Schotte´ ultimately led him to pursue academic science
rather than the medical education envisioned for him by his06/$ - see front matter
x.doi.org/10.1016/j.ydbio.2012.07.013father. As Mal later said in his ‘‘Differential Expressions’’ video
interview with Mary Tyler, ‘‘It wasn’t hard at all to really make
the decision that I felt I had to make. I was in love with the idea of
experimental analysis of a particular thing, in this case the
mechanism of embryonic development. And when you’re in love
you just have to move forward no matter what they say.’’
Mal attended graduate school at the University of Minnesota,
working in the lab of Nelson Spratt. Research in the Spratt lab did
not go well, so each summer Mal left Minnesota for the Marine
Biological Laboratory (MBL) in Woods Hole, Massachusetts, to, as
he put it, ‘‘escape from the frustration of my Ph.D. thesis project’’.
During his MBL summers, Mal investigated axial gradient forma-
tion during regeneration in Tubularia crocea, a marine hydroid.
The University of Minnesota Ph.D. he received in 1956 was based
entirely on the MBL Tubularia studies that he originally thought
were ‘‘just for fun’’.
After graduate school, Mal received a fellowship at the Carne-
gie Institution (1956 - 1958), joined the faculty of Johns Hopkins
University in 1958, then moved to Princeton in 1966 where he
remained until his retirement in 2005. Mal continued to spend
summers at the MBL throughout much of his career, enjoying the
rich academic and cultural environment he found there as well as
the opportunity to go clamming and lobstering from his beloved
Boston Whaler. He taught the famous embryology course from
1967 to 1972, serving as the Course Director from 1967 to 1971,
and was appointed as trustee from 1969 to 1977.The Princeton years
A few years prior to his arrival at Princeton University, Stein-
berg introduced his Differential Adhesion Hypothesis (DAH).
According to the DAH, embryonic tissues can behave like liquids
over long timescales and, as such, display characteristic surface
tensions due to cell–cell adhesion. Therefore, the strengths of
cohesion within tissues and adhesion between different tissues
will determine the ﬁnal spatial conﬁguration of interacting tissues.
He continued to test this idea with numerous collaborators for
much of his career at Princeton. In 2005, Foty and Steinberg co-
authored a paper showing that tissue surface tension increases
linearly with adhesion molecule expression and that small quanti-
tative differences in the expression of the same cadherin molecule
can result in a predictable rearrangement of cells. In 2010, Stein-
berg and co-authors complemented this earlier work using theory
and experiment to show that the molecular origin of tissue surface
tension is a combined effect of adhesion and cortical tension.
Subsequently, the DAH has been used to explain not only cellular
In Memoriam / Developmental Biology 370 (2012) 1–22rearrangement during embryonic development, but also malignant
invasion, tumor–stromal cell interaction, and as a logical basis for
tissue engineering.
Besides the DAH, Steinberg made many other important con-
tributions to cell adhesion biology. Early studies identiﬁed the
presence of both calcium-dependent and independent adhesion
mechanisms in neural retina cells and helped set the stage for
future discoveries of cell surface molecular mediators of adhesion.
He and co-workers developed methods to isolate desmosomal
cadherins and explored their role in the dermatological disease
pemphigus, a rare group of blistering autoimmune disorders that
affect the skin and mucous membranes. His lab also conducted
fundamental research into the morphogenetic mechanisms under-
lying amphibian pronephric duct formation and limb regeneration.
Steinberg was elected a Fellow of the American Association for the
Advancement of Science in 1975 and was appointed to the U.S.
National Academy of Sciences’ biology board from 1986 through
1992. He was named the Henry Fairﬁeld Osborne Professor in 1975
and held that distinction until he retired. He co-authored more
than 150 papers, many of which are citation classics.
Mal mentored several generations of postdocs and graduate
students, and taught literally thousands of undergraduate students.
He was an excellent teacher and a dynamic lecturer. This is best
illustrated by a note sent by one of Mal’s undergraduate students
upon hearing of his passing. The note read: ‘‘In 1968 I was a junior
biology major taking Dr. Steinberg’s popular embryology course. He
was 40 min late for a lecture (because of a GI upset which he
recounted in some detail). The entire class had waited the full 40 min
because he was such a dynamic lecturer. Some of us later remarked
that we may wait for a full professor for 30 min, an associate 20 min,
and an assistant 10 min. I do not knowwhat academic rank he had at
the time, but in our minds young Dr. Steinberg transcended these
rankings and was worth the full 40 min wait.’’A personal take
Mal was a personable colleague who was always ‘‘up’’ for a
spirited discussion of science and ideas. He was also fond of
recounting stories and jokes, many of which will survive in
retelling. Those who knew him well will remember the little
book in his shirt pocket, containing all the punchlines to his
favorite jokes, which he pulled out if the conversation happened
to veer in the right direction. It usually did. His personal warmth
was a source of great pleasure and comfort to his students,
colleagues, friends, and family. Mal was like a magnet, drawing
people to him, and always somehow engaged in conversation.
Great scientists are people who love what they do, care about
the people they work with, and whose habits of mind and spirit
inspire those around them. Malcolm Steinberg was a great scien-
tist. Scientists worldwide continue to build on his work to under-
stand how the chemistry of cell adhesion, working through
physical forces, can reveal important information about tissue
regeneration, cancer cell invasion, wound healing, and embryonic
development. He is survived by a legion of academic offspring who
are grateful to have had the opportunity to know him as a scientist,
mentor, teacher, and friend. He will be remembered as a warm and
lovable man with an infectious laugh, for whom just about any-
thing reminded him of a story, whose eyes would light up at the
mention of the next meal, who took great joy tending his garden,
and who loved to hold hands with his wife Marge. Thanks Mal.Julie Drawbridge, Ramsey A. Foty, Eva-Maria Scho¨tz
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